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Process and plant for manufacturing nitric add. 

© Ammonia and oxygen are reacted in the presence of : 
carbon dioxide to form nitric oxide which is subsequently 
oxidised to nitrogen peroxide. The nitrogen peroxide is then 
absorbed in water to form nitric acid. The presence of carbon 1 
dioxide very substantially reduces the flowrates through the « w 
reactor and absorber for a given nitric acid production. C02MAKEup) 
Recycle of a substantial portion of the tail gas from the r 
absorber conserves carbon dioxide and minimises atmos- NH3 \ ut ^ 
pheric pollution. 96% oxygen 
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1. the oxidation of ammonia with air * 
oxide (NO); • to fonn nitric 

N 2 0 4 >, and mixture of N0 2 and 

3- the absorption of the nitrogen oerosifl,, • 

f°» a solution of nitric acid ^ " to 

—a anTs^r? ^T" * * ^ * 
catalvst at 65 0-1000C »itn a ^ sit' 15 """ ^ 
which reduces undesirable side reactions^-T 
Prolonged contact. ^ 9 ," f"!" * 1Ch — * - 
converted to nitric oxide although this " 
to the pressure of th= according 

between 1 » a U h^r * reaCtl °° *** »• 
oar. The remainder nf 

for the -est part, converted to * trie „"". 
ratio of araonia to air f „ / "^"a"- Usually, the 
entering the reactor i! ^ " *** "» 
containing less than 13. 5S (by 

oridation^Vt^Lr";" 81 ^ ^ - «• 

"•c tne nitric oxide proceeds act +^ 

cooled fro. stage 1 temperature' to hleentlOuT " 

produce nitric acid .„„ * * Bltt rater to 

re-oridised y the " lus a"° ^ «** * 

and the nitr Jen ~r" 'I t r PreSSnt *" • b " rt « 
-er to provide ZTZtZZ^ * 

1C acid and mtric oxide. This 
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process is repeated until the remaining nitrogen oxides 
reach a low partial pressure. 

In Europe stage 1 is typically carried out at 
1-4 bar. The nitric oxide is then compressed to 4-10 bar 
5 prior to stage 2. This split pressure process takes 
advantage of the higher conversion to nitric oxide 
available at low pressure and the favourable effects - m of 
higher pressure in stages 2 and 3. 

The process and its variants are described in 
10 Kirk-Othmer, Encyclopedia of Chemical Technology; 3rd 
Edition, Volume 15, p 853 and in Proceedings of British 
Sulphur Corporation; Third International Conference on 
Fertilisers, London 12-14 November, 1979, Editor A.I. 
More, Paper 1. 

15 In the' conventional process described the 

unabsorbed gas (tail gas) from stage 3 is usually 
reheated, expanded through a turbine to recover pressure 
energy and then, vented to atmosphere. This tail gas 
normally contains nitrogen, unreacted surplus oxygen, 

20 argon , and a trace of water vapour, together with up to 
0.5% (by volume) of nitrogen oxides. The pollution caused 
by the nitrogen oxides is rapidly becoming unacceptable 
and various proposals have been made for dealing with 
this problem. 

25 US-PS-3,927,182 proposes a scheme in which the 

air in stage 1 is replaced by commercial grade oxygen 
(98%). The reaction mixture of ammonia and oxygen is 
maintained below its explosive limit and at the desired 
reaction temperature by recycling all the tail gas with 

30 the exception of a small purge stream to remove 
impurities which would otherwise accummulate in the 
system. 

Although the volume of nitrogen oxide emission 
is drastically reduced by the substitution of air by 
35 oxygen, the total volume of gas entering the reactor and 



15 



C C 

01544 70 

the absorber is somewhat greater than that required when 
ammonia and air are used. Thus, the size of the reactor 
and the absorber are increased for a given nitric acid 
production rate. 

5 The present invention aims, in its broadest 

embodiment, to provide a process and a plant in which the 
total volume of gas entering the reactor and the absorber 
for a- given rate of production of nitric acid is lower 
than that required by either of the plants described 
10 above mats more preferred embodiments the present 
invention achieves the aforesaid advantage and, at the 
same time, reduces atmospheric emission to levels similar 
to those achieved in US-PS-3,927,182. 

According to the present invention . there is 
provided a process for manufacturing nitric acid which 
comprises the steps of reacting ammonia with oxygen in a 
reactor in the presence of a diluent and a catalyst to 
produce a gas rich in nitric oxide, characterised i* that 
said diluent comprises carbon dioxide. 

The oxygen may be pure or may simply be oxygen 
enriched air or oxygen containing other impurities. 

<- on, Preferably ' tt « carb0 * ^oxide comprises from 10 
to 90% (by volume) and more preferably, from,. 20 .to 70* (by 
volume) of the gas entering the reactor. 

As the following description shows, the use of 
carbon dioxide can substantially reduce the flow rate 
through the catalytic reactor and the absorber. 

Whilst the present invention requires carbon 
dioxide it should be noted that many nitric acid plants 
30 are situated adjacent to ammonia synthesis plants 
Typically the hydrogen required for the ammonia synthesis 
is obtained from natural gas, oil or coal and 
consequently abundant quantities of by-product carbon 
dioxide are usually readily available. 

35 33,6 9as rich ^ citric oxide is typically 
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reacted with oxygen to form a nitrogen peroxide 
containing gas which is then reacted with water in an 
absorber to form a solution of nitric acid. The 
unabsorbed gas leaving the absorber is referred to as 
5 "tail gas". 

Whilst the" tail gas from the absorber could be 
vented via a turbine to atmosphere it is preferable to 
recycle the bulk (typically 0.1 to 99.99% and preferably 
5.0 to 99.9% (by volume) of the tail gas t<$ the reactor. 
10 It is, of course, necessary to purge a certain amount of 
the tail gas jto remove accumulated, nitrogen , argon and 
nitrogen oxides and to make good this loss with a make-up 
stream of carbon dioxide. 

Typically, the tail gas contains between 1.0 and 
15 99.9 (by volume) carbon dioxide, and more generally 
between 5.0 and 99.0%. 

The present invention also provides a plant for 
manufacturing nitric acid which comprises a catalytic 
reactor adapted to react ammonia and oxygen to form 
20 nitric oxide characterised in that said catalytic reactor 
is connected to a source rich in carbon dioxide. 

Preferably, said source rich in carbon dioxide 
contains from 1.0 to 99.999 and preferably, from 5.0 to — 
99.999% (by volume) carbon dioxide. 

25 



30 



35 



a c 

-5- 

0154470 

For a better understanding of the present 
xnventxon and to show how the same may be carried , 
e«ect reference win now be made, by'way of 2^ To 
the accompanying drawings, i„ which:- 

Figure 1 shows a flowshppf- r.^ * 
nlanf , xxowsneet of a conventional 

Plant for manufacturing nitric acid; 

Figure 2 shows a flowsheet of a dW * 

manufacturing nitric acid similar to that Lcrld 
OS-PS-3,927,182; Ascribed ln 

10 . *■ 

Figure 3 shows one embodiment of a plant for- 

manufacturing nitric acid in a 

invention, and aCC ° r<3anCe With the 

Figure 4 shows another embodiment of a plant for 
manufacturing nitric acid in P-iant for 

" invention. ' " aCCOrdance with the 



10 88 bar ^ M * * — ' 
10.88 bar ls fed through Q p . p£ 2 

w ch contains a platinum catalyst. Preheated 1 at 

230 C and 1 n go \ .. .. . AA ac 



part is passed through pipe iZ « * ^ 2 ^ 

it resets with the air T£Z ZTZr^T 

ammonia is converted to nitric oxide. 

oc " The Glance of the air from pit- 2 «. 

* thresh p ite 4 to action « .here it i " with The 
9« rrch i„ Mtric oxide which iee.es the reactor £ 
throagh prpe 5. The gases partiy react to for. ait" 
percrde .which is then iatroduced into the ahsor^r T U 
Where xt reacts with water to for* . nlt ric acid w»L„ 
i aves the reactor throagh pipe 8 . It M1 to ^ *^ 
the total guantity of air is sufficient to leave a 

oritur" of . 7 -" OTer that - sl- 

re tj : . ~ t0 "«« «« -cording to 
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NH 2 + 20 2 -» HN0 3 + H 2 0. 

The remaining gas (the tail gas) which comprises 
essentially nitrogen from the feed air, oxygen, argon and 
water vapour, together with nitrogen from side reactions 
5 of the ammonia in reactor 10 and nitrogen oxides are 
vented via a turbine to atmosphere through pipe 7. To 
simplify the mass balances, it was assumed that " no gases 
are lost by physical solution in the nitric acid produced 
in the flowsheets of Figures \, 2, 3 and 4. 

10 The temperature , pressure, composition and 

flowrate of various streams of a plant for manufacturing 
0.9090 x 10 6 kg/day (1002 short tons/day) of nitric 
acid in accordance with Figure 1 are set out in Table 1. 
It will be noted that the total flow to the reactor 100 

15 is 6200 kg moles/hr and that the total flow, at junction 
6, prior to reaction is 6370.6 kg/ moles/hr. It will also 
be noted that the absorber 101 has been designed to 
reduce nitrogen oxides (expressed as nitric oxide for 
simplicity) to 0.043% of the dry tail gas, a more 

20 stringent design than in the non-recycle case described 
in US-PS-3, 927,182, to comply with increasingly stringent 
environmental requirements. 

Referring now to Figure 2, there is shown a 
flowsheet of a plant similar to that * shown in 

25 US-PS-3, 927,182. In this embodiment the air feed is 
replaced with a stream of 98% pure oxygen (balance argon) 
from a cryogenic air separation plant. Tail gas is 
recycled to the reactor 100 1 via pipe 9' and serves both 
to reduce the concentration of ammonia in the mixture to 

30 below the explosive limit and to maintain the temperature 
in the reactor 100' at the desired level of 937°C. As 
before, 94.5% (by volume) of the ammonia is converted to 
nitric oxide and the dry tail gas contains the same 
0.043% of nitrogen oxides for the purposes of comparison 

35 with Table 1. 
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The temperature, pressure, composition and 
flowrate of various streams of a plant for . T 

kg/day (1006 ^txrrs 

acid ln dance with Figure 2 are set . j in ; f ab -- 

" of nitri W , U1 te n ° ted that f ° r alm ° St the «» output 
728 5 k " ' t0tal fl ° W t0 ~ IOC 

p L; to 9 r :° : s/hr and the totai n ° w to *««~ 

10 tT f ^ 68 ^ teen sub *tantially increased 

10 thereby necessitating the use of larcer lnCreased 

greater cost. ,. ^ e ^P">ent at 

Referring now to Figure 3, there i„ .* 

has been omitted and substantial!,, 55 
fed to the reactor 100- ^ a« c 

«t so that the tenperatuTin 1 T U °* ite " 

as before. As before Til 2 the , reaCt ° r M »' is **TC 

20 converted to MmT^. ' ' ° f — " is 

contains JT"' * *» - 

4-u volume) of nitrogen oxides so as to 

kg/day (1002 short tons/day) of ' . * " 

with Ms ure 3 are set out L Table 3 It In tT*"" 
. that the total flow to the reactor loo- is Z ol " £ 

9 ne use of smaller equipment at lo»er cost 

carbon « I'" TOtea ™ iaeralle ^titles of 

carbon dxoxrde are retired. However, it will be recalled 
that hydros for a»onia synthesis is S enerally lZ2 a 



c 



c 



-8- 0154470 

by the steam reforming of natural gas r oil or coal 
gasification with oxygen. In all cases large quantities 
of carbon dioxide are usually available as a by-product. 
Having said this we would strongly recommend that the 

* 5 embodiment shown in Figure 4 be used. This embodiment is 
generally similar to that shown in Figure 3 except .^that 

■r-sn * part of the tail g^s from the absorber is recycled to the 

reactor 100 nI . As before, 94.5% (by volume) of the 

.ft 1^ 
ammonia is converted to nitric oxide. Furthermore , the 

10 dry tail gas contains the same 0.043% (by volume) of 

nitrogen oxides for the purposes of comparison with 

Tables 1 and 2. 

The temperature, pressure, composition and 

flowrate of a plant for manufacturing 0.9125 x 10 6 

15 kg/day (1006 short tons/day) of nitric acid in accordance 

with Figure 4 are set out in Table 4 (which is not fully 

optimised). It will be seen that the flowrate to the 

reactor 100" 1 is 5052.08 kg moles/hr and the flow to the 

junction 6 ni , prior to reaction, is 4409.7 kg moles/hr. 

20. it will be noted that the embodiment shown in 

Figure 4 has two* advantageous features, in particular: - 

1) the flowrate to the reactor and the absorber 

is lower than either of the prior art 

embodiments; and 

25 2) the volume of nitrogen oxides vented to the 

atmosphere is vastly lower than the volume 

released in the embodiment shown in Figure 1. 

Table 5 shows the molar flows and partial 

pressures of oxygen and nitric oxide in pipes 5, 5 1 and 

30 5 nl and at junctions 6, 6 1 and 6 ni immediately prior to 

reaction. 

The sharp reduction in flows and rise in partial 
pressures for the embodiment shown in Figure 4 will be 
noted. 

35 Various modifications to the embodiments 
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example the prpe ^ ta dispe „ sed 

th. oxygen for reaction with the as^nia ^ 
be provrded via lines 4- and Thls Kould , of 
5 ncrease the vol.. of the recycle streaa through 

» by a factor of about 1.34. at the sa*e tL th! 
, carbon dioxide vented via pipe 10 T, * 

mcreased and the nitric oxide partial pressure in tt 
gas do„nstrea» of Sanction 6- falls. However, there are 
10 substantial increases in oxygen partial pressure at 2 
exrt of the absorber and this, in torn . , 
molecular oxidation ^ ^^TlZ 
from the reactor and the oxygen. 

15 m h,- f 1 " 009 " ^ reaCt ° r Md the atsor »»' 1- the 
15 enbodrs^ts described operate at substantially the set 

pressure, the addition of carbon dioxide T TZ 
beneficial in dual pressure plants, particu Lly in the 

,0 .ids conversion effLLcy % "S.TTtS 
pressure rn the reactor, or by giving »re flexibilit^ 
the choree of a^onia: oxygen: inert gas ratios used 

It will be noted that with rh. , 
shown in Figure 4 th. ~» ! yCle ^ Stem 

25 the tail all L «* ^trogen oxides in 

still let aUOWed t0 riSe ^stantially and 

stall meet environmental regulations as to the J 

of nitrogen oxide veuted.When ZourU 
alsLr ^^^'-e height of ^ 

10 Whilst the preferred embodiment assumed that th. 

reactor will be fed «ith ammonia, 98 % our. 
carbon dioxide, it win ^ P«r e . oxygen and 

xiae, xt will be appreciated that 98% nnr. 

mmercially., we would recommend that oxygen of 
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CLAIMS 

1 # a process for manufacturing nitric acid which 

comprises the steps of reacting ammonia with oxygen in a 
5 reactor in the presence of a diluent and a catalyst to 
produce a gas rich in nitric oxide, characterised in that 
said diluent comprises carbon dioxide. 

2. A process according to Claim 1, wherein the 

carbon dioxide comprises^ from 10 to 90% (by volume) of 
10 the gas entering the reactor. 

3 # A process according to Claim 2, wherein the 

carbon dioxide comprises from 20 to 70% (by volume) of 
the gas entering the reactor. 

4. a process according to Claims 1, 2 or 3 r wherein 
15 the gas rich in nitric oxide is reacted with oxygen to 

form a nitrogen peroxide containing gas, said nitrogen 
peroxide containing gas is reacted with water in an 
absorber to form a solution of nitric acid and unabsorbed 
tail gas, and wherein at least part of said tail gas is 
20 recycled to said reactor. 

5. A process according to Claim 4, wherein from 0.1 
to 99.99% (by volume) of said tail gas is recycled to 
said absorber. 

6. A process according to Claim 5, wherein from 5.0 
25 to 99.9% (by volume) of said tail gas is recycled to said 

absorber . 

7* A process according to Claims 4, 5 or 6, wherein 

said tail gas contains from 1.0 to 99.9% (by volume) 
carbon dioxide. 

30 8. A process according to Claim 7, wherein said 

tail gas contains from 5.0 to 99.0% (by volume) carbon 
dioxide . 
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